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(57) During a noninvasive bicx)d pressure measure- 
ment using a cuff 2, a pulse wave propagation time T1 
from the appearance of the peak value of an R wave in 
an electrocardiogram (ECG) waveform to the appear- 
ance of the bottom value of a pulse wave is counted, 
and a iDlood pressure value BP1 is calculated from a 
count result T1 and parameters a, p specific to a sii^ject 
obtained during a pulse wave propagation time calibra- 
tion. Then, the absolute value of a difference between 
the blood pressure value BP1 arKi a blood pressure 



ECG 
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value NIBP1 obtained by the noninvasive blood pres- 
sure measurement using the cuff 2 is calculated, and it 
is indeed whether or not the calculated absolute value is 
within a predetermined threshold.BP. If the absolute 
value is judged to exceed the threshold_6P. then blood 
pressure is measured again noninvasively using the cuff 
2, and a t>lood pressure value NIBPV obtained from 
such repeated measurement is displayed on a display 
22. 
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Descrlpti n 

BACKGROUND OF THE INVENTION 

Field of the invention s 

The present invention relates to blood pressure 
monitoring apparatuses to be applied to such fields as 
requiring continuous blood pressure monitoring for sub- 
jects to be treated in operating rooms, intensive care 10 
units, emergency treatment rooms, extracorporeal dial- 
ysis rooms, and the like. More particularly, the present 
invention is directed to a blood pressure monitoring 
apparatus that monitors biological data such as electro- 
cardiograms (ECG), pulse waves, and blood pressure. is 

Related art 

A blood pressure monitoring apparatus that moni- 
tors biological data such as ECGs, pulse waves, in addi- so 
tion to blood pressure, has heretofore been known. This 
typ of nnonttoring is generally called Vital sign moni- 
tor". 

This blood pressure monitoring apparatus has a 
cuff to be attached to a brachium. a finger, or the like of ss 
a subject, a pulse oximeter probe, and ECG electrodes 
to be attached to the chest of the subject. The blood 
pressure monitoring apparatus measures blood pres- 
sure, ECGs, and pulse waves by attaching these mem- 
bers onto the subject, and displays the measured 30 
results. In this case, a noninvasive blood pressure 
measurement based on cuff pressure is nnade at a pre- 
determined interval. 

By the way, such conventional blood pressure mon- 
itoring apparatus has addressed the following problems, ss 

In a noninvasive blood pressure measurement 
based on cuff pressure, when a subject moves or a 
medical stuff member touches the cuff during the meas- 
urement, measured values may, in some cases, 
become abnomrial values, and the conventional blood 40 
pressure monitoring apparatus uses such abnormal val- 
ues in computation, which has imposed the problem 
that unnecessary alarming has to be given or that post- 
measurement analyses cannot be done smoothly. 

Further, even if such abnormality has been found, a 45 
re-measurement must be made and such re-measure- 
ment must be started manually, which in turn has made 
operability not so satisfactory. 

SUMMARY OF THE INVENTION so 

The object of the present Invention is. therefore, to 
provide a blood pressure monitoring apparatus that not 
only can detect an abnormality in the result of a nonin- 
vasive blood pressure measurement based on cuff ss 
pressure but also can automatically make a re-meas- 
urement when an abnornnality has been found. 

According to the present invention, a blood pres- 



sure monitoring apparatus that includes: blood pressure 
measuring means for measuring blood pressure using a 
cuff; time Interval detection reference point detecting 
means for detecting a time interval detection reference 
point on a pulse wave at an aorta of a body; pulse wave 
detecting means for detecting a pulse wave at periph- 
eral blood vessels af^earing with a time delay with 
respect to the pulse wave at the aorta; pulse wave prop- 
agation time counting means for counting a pulse wave 
propagatk)n time based on detected outputs from the 
time interval detection reference point detecting means 
and the pulse wave detecting means; and control 
means for judging whether or not a blood pressure 
value measured by the blood pressure measuring 
means is an abnormal value based on a fluctuating con- 
dition observed on the blood pressure value measured 
by the blood pressure measuring means and a fluctuat- 
ing condition observed on a pulse wave propagation 
time counted by the pulse wave propagation time count- 
ing means at the time the blood pressure value has 
been measured, and measuring blood pressure again 
by controlling the blood pressure measuring means 
when the blood pressure value has been judged to be 
an abnormal value. 

According to the present invention, a blood pres- 
sure monitoring apparatus includes: blood pressure 
measuring means for measuring blood pressure using a 
cuff; threshold storage means for storing a threshold 
serving as a reference for blood pressure re-measure- 
ment using the cuff, the threshokJ being inputted from 
an external source; time interval detection reference 
point detectir^g means for detecting a time interval 
detection reference point on a pulse wave at an aorta of 
a body; pulse wave detecting means for detecting a 
pulse wave at peripheral bkx>d vessels appearing with a 
time delay with respect to the pulse wave at the aorta; 
pulse wave propagation time counting means for count- 
ing a pulse wave propagation time based on detected 
outputs from the time interval detection reference point 
detecting means and the pulse wave detecting means; 
calculating means for calculating a blood pressure value 
based on a pulse wave propagation time counted by the 
pulse wave propagation time counting means at the 
time the blood pressure measurement has been made 
by tiie blood pressure measuring means; and control 
means for judging whether or not an absolute value of a 
difference between a blood pressure value measured by 
the blood pressure measuring means and a blood pres- 
sure value calculated by the calculating means at the 
time the blood pressure value has been measured 
exceeds the threshold stored in tiie threshokJ storage 
means, and measuring blood pressure again by control- 
ling the blood pressure measuring means when the 
at)5oiute value of tiie difference has been judged to 
exceed \he threshold. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a configuration of 
a blood pressure monitoring apparatus, which is a 
mode of embodiment of the present invention; 

Rg. 2 is a flowchart showing an operat'on of the 
blood pressure monitoring apparatus shown in Fig, 
1; and 

Fig. 3 is a waveform diagram illustrative of a pulse 
wave propagation time. 

DETAILED DES CRIPTION OF THE PREFERRED 
EMBODIMENTS 

The basic concept of the present invention will 
hereunder be described. 

Noninvasive blood pressure measurements can be 
made by a method of using pulse wave propagation 
time in addition to the aforementioned method of using 
a cuff. The principle of the blood pressure measurement 
based on the pulse wave propagation time is as follows. 

As shown in Fig. 3. a bottom value of a pulse wave 
on the side of peripheral blood vessels such as a finger 
or an ear appears with a delay with respect to a bottom 
value of an aortic pulse wave. This delay time is the 
pulse wave propagation time. In this case, the pulse 
wave propagation time equals a time from the appear- 
ance of the top value of an R wave to the appearance of 
the bottom value of a pulse wave on the side of periph- 
eral blood vessels, taking the R wave of an EGG wave- 
form as a reference. 

Blood pressure measurement using the pulse wave 
propagation time must be calibrated by measuring 
blood pressure through other means, e.g., using a cuff 
and referring to the measured results. If. e.g., blood 
pressure is increased after the calibration, the propaga- 
tion time is shortened. Therefore, a blood pressure 
value can be obtained by making a correction based on 
a time difference between such shortened pulse wave 
propagation time and a pulse wave propagation time 
obtained during calibration. 

On the other hand, the blood pressure value can be 
obtained from the following equation as well. 

P = aT + p 

where T is the pulse wave propagation time; and 
a. p are the parameters specific to a subject. The 
parameters a. p specific to a sutsject can be calculated 
at the time of calibrating the pulse wave propagation 
time. 

In a pulse wave propagation time calibration, both 
blood pressure and pulse wave propagation time are 
measured when a subject is, e.g., at rest and in exer- 
cise, respectively. 

Here, assuming that the blood pressure value and 



the pulse wave propagation time at the time the sidoject 
is at rest are PI , T1 and that those at the time tiie sub- 
ject is in exercise are P2, T2, then the blood pressure 
values P1 , P2 are given. e.g., as follows. 

5 

P1 = aTl + p (1) 
P2 = aT2 + p (2) 

10 Therefore, by measuring P 1 . T1 . P2, T2. the parameters 
a, p can be calculated from the atx>ve two equations. 
Once a. p have been calculated, the blood pressure val- 
ues of the subject can thereafter be measured only by 
measuring the pulse wave propagation time tt may be 

75 noted that in measuring two different biood pressure 
values, the measuring timings are not limited to such 
timings at which the subject is at rest and in exercise as 
long as measuring timings are such as to allow two dif- 
ferent blood pressure values to be picked up. 

20 Since a blood pressure value can be obtained from 
both an EGG and a pulse wave as described above, 
whetiier or not a blood pressure value measured in a 
noninvasive blood pressure measurement Is abnormal 
can be judged based not only on a time difference 

25 between the EGG and a pulse wave obtained by a pulse 
oximeter in a conventional blood pressure monitoring 
apparatus but also on blood pressure value fluctuations 
in a noninvasive t^lood pressure measurement t^ed on 
cuff pressure, tf the blood pressure value is judged to be 

30 abnormal, blood pressure may be measured again. 

A blood pressure nx>nitoring apparatus, which is a 
mode of embodiment of the present invention will now 
be described with reference to the drawings. 

35 A. Configuration of the blood pressure monitoring appa- 

rajys 

Fig. 1 is a block diagram showing a configuration of 
the blood pressure monitoring apparatus, which is the 

40 mode of embodiment of the present invention. In Fig. 1 , 
a cuff 2 is used to measure blood pressure and 
designed to be attached to a brachium or a finger of a 
subject. The inside of the cuff 2 is opened or closed with 
respect to the atmosphere by a discharge valve 3, and 

45 the cuff 2 is supplied with air by a pressure pump 4. Guff 
pressure is measured by a pressure sensor 5. The out- 
put of the pressure sensor 5 is detected and amplified 
by a cuff pressure detecting/amplifying section 6. The 
output of the cuff pressure detecting/amplifying section 

so 6 is converted into a digital signal by an A/D converter 7, 
and the converted digital signal is thereafter received by 
a GPU (central processing unit) 1 . The GPU 1 , the dis- 
charge valve 3. and the pressure pump 4 are Intercon- 
nected through an output interface 8. 

55 Electrocardiogram (EGG) electrodes 9 are used to 
measure an EGG signal and designed to be attached to 
the chest or the like of a subject. An EGG signal detect- 
ing/amplifying section 10 detects an EGG signal of a 
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subject with the ECG electrcxies 9 and amplifies and 
outputs the detected ECG signal. The output of the 
ECG signal detecting/amplifying section 10 is converted 
into a digital signal by an A/D converter 1 1 , and the con- 
verted digital signal is thereafter rBcelved by the CPU 1 . s 
A pulse oximeter probe 12 is used to measure the con- 
tent of oxygen dissolved in blood and designed to be 
attached to a finger or the like of a subject. 

The pulse oximeter probe 12 includes: an LED 
(light-emitting diode) that outputs light with a wave- io 
length of XI in which an absorbance of deoxyhemo- 
globin is greatly different from that of an oxyhemoglobin: 
an LED (light-emitting diode) that outputs light with a 
wav length of X2 in which an absorbance of deoxyhe- 
moglobin is approximately equal to that of oxyhemo- is 
globin; and a phototransistor that detecte light from the 
LED that outputs the light whose wavelength is X1 and 
the light from the LED that outputs the light whose 
wavelength is A2. In this case, the two LEDs and the 
phototransistor are disposed so as to confront one so 
another at an equal interval in commensurate with the 
size of a measuring region of a subject 

An LED current control section 13 controls current 
that is caused to f bw to the LED that outputs the light 
whose wavelength is X1 of the puise oximeter probe 12. 2S 
and an LED current control section 14 controls current 
that is caused to fbw to the LED that outputs the light 
whose wavelength is X2 of the pulse oximeter prot>e 12. 
A photoelectric pulse wave signal detecting/amplifying 
section 15 detects a pulse signal from a phototransistor so 
output, and amplifies and outputs the detected signal. 
The output of the photoelectric pulse wave signal 
detecting/amplifying section 15 is converted into a dig* 
itat signal by an A/D converter 17, and the converted 
digital signal is thereafter received by the CPU 1 . ss 

A photoelectric pulse wave signal detecting/ampli- 
fying section 16 detects a pulse wave signal from a pho- 
totransistor output, and amplifies and outputs the 
detected signal. The output of the photoelectric puise 
wave signal detecting/anplifying section 16 is con- 40 
verted into a digital signal by an A/D converter 18. and 
the converted digital signal is thereafter received by the 
CPU 1 . An input section 19 is used to start a pulse wave 
propagation time calitxating, andi input blood pressure 
values PI. P2 used for a calibration and a threshold 4S 
_BP that serves as a reference for noninvasive blood 
pressure re-measurement using the cuff 2, and the like. 

The CPU 1 executes a processing program based 
on the outputs from the A/D converters 7, 1 1 . 1 7, 1 8 and 
the outputs from the input section 19, and displays the so 
results of the processing on a display 22 that is an out- 
put means. That is, the CPU 1 controls the discharge 
valve 3 and the pressure pump 4 at a predetermined 
time interval, calculates a blood pressure value based 
on the outputs of the A/D converter 7 at such inten^al. ss 
and displays the result on the display 22. The CPU 1 fur- 
ther calculates a heart rate by receiving A/D converter 
1 1 outputs and displays the result on the display 22 



together with an ECG waveform. Still further, the CPU 1 
not only calctdates the arterial oxygen saturation but 
also measures a pulse wave by receiving outputs from 
the A/D converters 17, 18 and displays the respective 
results on the display 22. 

Still further, tiie CPU 1 counts the puise wave prop- 
agation time from tiie appearance of the peak value of 
an R wave of an ECG waveform to the appearance of 
the bottom value of a pulse wave at the time of making 
a noninvasive fc)iood pressure measurement using the 
cuff 2. and calculates a blood pressure value from both 
the counted time as well as parameters a, p specific to 
a subject obtained at the time of making a pulse wave 
propagation time calibration. Then, the CPU 1 com- 
putes a difference between the t>lood pressure value 
calculated from the pulse wave propagation time and 
the measured value obtained from the noninvasive 
blood pressure measurement using the cufi 2, judges 
whether or not such difference is within a predetermined 
threshold, and if it is judged that the difference exceeds 
the threshold, the CPU 1 makes a noninvasive Wood 
pressure measurement again using the cuff 2. 

A memory (ROM) 20 connected to the CPU 1 
stores the processing program, and a memory (RAM) 
21 also connected to the CPU 1 stores processed data. 

The cuff 2. the discharge valve 3, the pressure 
pump 4, the pressure sensor 5. the cuff pressure detect- 
ing/amptifying section 6. and the A/D converter 7 consti* 
tute the blood pressure measuring means. Further, the 
RAM 21 conesponds to the threshold storage means. 
Further, the ECG electrodes 9, the ECG signal detect- 
ing/amplifying section 10, and the A/D converter 1 1 con- 
stitute tiie time interval detection reference point 
detecting means. Further, the pulse oximeter probe 12. 
the LED current control sections 13, 14, the photoelec- 
tric pulse wave signal detecting/amplifying sections 15, 
16, and the A/D converters 17. 18 constitute the pulse 
wave detecting means. Further, the CPU 1 corresponds 
to the calculating means and the control means. 

B. Operation of the blood pressure monitoring appara- 
tus 

An operation of the thus configured blood pressure 
monitoring apparatus will be described next with refer- 
ence to the flowchart shown in Fig. 2. In the following 
description, it is assumed that: a pulse wave propaga- 
tion time calibration has already been made, so ttiat the 
parameters a, p specific to a subject have been written 
to the memory 21 ; and the threshold _BP that serves as 
a reference for noninvasive blood pressure re-measure- 
ment using the cuff 2 has been written to tir^e memory 
21. 

Rrst, the GPU 1 judges whetiner or not it is a timing 
to start a noninvasive blood pressure measurement 
using the cuff 2 in Step SI . If tiie CPU 1 judges tiiat it is 
not the timing to start a noninvasive blood pressure 
measurement, the CPU 1 repeats executing this step. 



4 



7 



EP0852126A2 



8 



whereas if the CPU 1 judges that it is such timing, the 
CPU 1 advances to Step S2 and starts making a nonin- 
vasive blood pressure measurement using the cuff 2. 
Then, in Step S3, the CPU 1 counts a pulse wave prop- 
agation time T1 , and writes the result to the memory 21 , 
After having counted the pulse wave propagation 
time T1, the CPU 1 calculates a blood pressure value 
BP1 from the pulse wave propagation time T1 and 
writes the result to the memory 21 in Step S4. That is. 
the blood pressure value BP1 is obtained by substituting 
the pulse wave propagation time T1 arxj the parameters 
a. p written in the memory 21 in the following equation. 

P = aT + p 

After having calculated the blood pressure value 
BP1 from the pulse wave propagation time T1, the CPU 

1 obtains a t>lood pressure value NIBP1 based on the 
noninvasive blood pressure measurement using the cuff 

2 in Step S5. Then, in Step S6, the CPU 1 obtains a dif- 
ference between the blood pressure value BP1 and the 
blood pressure value NIBP1 , and judges whether or not 
the absolute value of the obtained difference exceeds 
the threshold _BP written in the memory 21. If it is 
judged that the absolute value of the difference between 
the blood pressure value BP1 and the blood pressure 
value NIBP1 exceeds the threshold _BP. the CPU 1 
judges that the result of the noninvasive Wood pressure 
measurement using the cuff 2 is abnormal, eliminates 
the currently measured value, and makes a noninvasive 
blood pressure measurement using the cuff 2 again in 
Step ST. When a blood pressure value NIBP^* is 
obtained from the re-measurement in Step S8. the CPU 
1 displays such blood pressure value N1BP1 ' on the dis- 
play 22 in Step S9. 

On the other hand, if it is judged that the absolute 
value of the difference between the blood pressure 
value BP1 and the blood pressure value NIBP1 does 
not exceed the threshold _BP in Step S6. the CPU 1 . 
judging that the result of the noninvasive blood pressure 
measurement using the cuff 2 is normal, displays the 
blood pressure value NIBP1 in Step S9. 

As described above, in this mode of embodiment, a 
pulse wave propagation time T1 from the appearance of 
the peak value of an R wave of an ECG waveform to the 
appearance of the bottom value of a pulse wave is 
counted at the time of making a noninvasive blood pres- 
sure measurement using the cuff 2, and calculates a 
blood pressure value BP1 from both the counted time 
Tl and the parameters a. p specific to a subject 
obtained at the time of making a pulse wave propaga- 
tion time calibration. Then, an absolute value of a differ- 
ence between the blood pressure value BP1 and a 
blood pressure value NIBP1 obtained by the noninva- 
sive blood pressure measurement using the cuff 2 is 
calculated, and it is judged whether or not such absolute 
value exceeds a predetermined threshold .BP. If it is 
judged that such absolute value exceeds the threshold 



_BP. a noninvasive blood pressure measurement using 
the cuff 2 is made again, and a blood pressure value 
NIBPV otTtained as a result of such re-measurement is 
displayed on the display 22 
5 Therefore, even if an abnormal value has been 
found in a noninvasive blood pressure measurement 
using the cuff 2, such abnormal value is not used in the 
computation. Therefore, not only a highly relieUDte meas- 
ured blood pressure value can be obtained, but also 
10 unnecessary alarming can be eliminated and post- 
measurement analyses will be done substantially 
smoothly. In addition, when an abnormal value has 
been found, blood pressure is re-measured automati- 
cally. That is, the cumbersome operation of manually re- 
15 measuring blood pressure can be dispensed with, 
which in turn corrtributes to improving operability. 

While whether or not the result of a noninvasive 
blood pressure measurement using the cuff 2 is normal 
is judged by judgir^ whether or not a difference 
20 between a blood pressure value NIBP1 obtained by the 
noninvasive blood pressure measurement using the cuff 
2 and a blood pressure value BP1 obtained from a pulse 
wave propagation time Tl exceeds a threshold .BP in 
the aforementioned mode of embodiment, such judg- 
es ment may be made from a fluctuating condition 
observed on a blood pressure value obtained from a 
noninvasive blood pressure measurement using the cuff 
2 and a fluctuation condition observed on a pulse wave 
propagation time, respectively. For example, the follow- 
so ing judging methods may be proposed. 

(1) If a noninvasive blood pressure measurement is 
made using the cuff 2 and not only the Wood pres- 
sure value obtained from such measurement 

35 exceeds a reference but also a pulse wave propa- 
gation time also exceeds a reference, then the 
result of the noninvasive blood pressure measure- 
ment is judged to be normal, because both the 
blood pressure value and the time exceed the refer- 

40 ences thereof, respectively. 

(2) If the result of a noninvasive blood pressure 
measurement using the cuff 2 fluctuates from the 
result of a previous noninvasive blood pressure 
measurement using the cuff 2 although the pulse 

45 wave propagation times exhibit almost no fluctua- 
tion, then the result of the noninvasive Wood pres- 
sure measurement is judged to be abnormal. 

(3) If the results of noninvasive blood pressure 
measurements using the cuff 2 do not fluctuate 

50 although pulse wave propagation times fluctuate, 
then the result of the noninvasive Wood pressure 
measurement is judged to be abnormal. 

According to the blood pressure monitoring appara- 
55 tuses of the present invention, even if an abnormal 
value has been found in a noninvasive blood pressure 
measurement using the cuff 2. such abnormal value is 
not used in the computation. Therefore, not only a 



5 



EP0 852 126 A2 



10 



9 

highly reliable measured Uood pressure value can be 
obtained, but also unnecessary alarming can be elimi- 
nated and post-measurement analyses will be done 
substantially smoothly In addition, when an abnormal 
value has been found, blood pressure is re-measured 5 
automatically. Therefore, the cumbersome operation of 
manually starting a re-measurement can be dispensed 
with, which in turn contributes to improving operabilrty. 

Claims 10 

1 . A blood pressure monitoring apparatus comprising: 

blood pressure measuring means for measur- 
ing blood pressure using a cuff; is 
time interval detection reference point detect- 
ing means for detecting a time interval detec- 
tion reference point on a pulse wave at an aorta 
of a body; 

pulse wave detecting means for detecting a 20 
pulse wave at peripheral blood vessels appear- 
ing with a time delay with respect to the pulse 
wave at the aorta; 

pulse wave propagation time counting means 
for counting a pulse wave propagation time 25 
based on detected outputs from the time inter- 
val detection reference point detecting means 
and the pulse wave detecting means; and 
control means for judging whether or not a 
blood pressure value measured by the blood 30 
pressure measuring means is an abnormal 
value t^sed on a fluctuating condition 
observed on the blood pressure value meas- 
ured by the blood pressure measuring means 
and a fluctuating condition observed on a pulse 3S 
wave propagation time counted by the pulse 
wave propagation time counting means at the 
time the blood pressure value has been meas- 
ures, and measuring blood pressure again by 
controlling the blood pressure measuring 4o 
means when the t^food pressure value has 
been judged to be an abnormal value. 

2. A blood pressure monitoring apparatus comprising : 

46 

blood pressure measuring means for measur- 
ing blood pressure using a cuff; 
threshold storage means for storing a threshold 
serving as a reference for t>!ood pressure re- 
measurement using the cuff, the threshold so 
being inputted from an external source; 
time interval detection refererce point detect- 
ing means for detecting a time interval detec- 
tion reference point on a pulse wave at an aorta 
of a body; ss 
pulse wave detecting means for detecting a 
pulse wave at peripheral tMood vessels appear- 
ing with a time delay with respect to the puise 



wave at tiie aorta; 

pulse wave propagation time counting means 
for counting a pulse wave propagation time 
based on detected outputs from the time inter- 
val detection reference point detecting means 
and the pulse wave detecting means; 
calculating means for calculating a blood pres- 
sure value t>ased on a pulse wave propagation 
time counted by the pulse wave propagation 
time counting means at the time t^^e blood 
pressure measurement has been mii^ie by tine 
blood pressure measuring means: ^ vj 
control means for judging whether or not an 
at)solute value of a difference k>etween a bkood 
pressure value measured by the t^ood pres- 
sure measuring means and a blood pressure 
value calculated by the calculating means at 
the time the k>lood pressure value has been 
measured exceeds the threshold stored in tiie 
threshold storage means, and measuring kDlood 
pressure again by controlling the blood pres- 
sure measuring means when the absolute 
value of the drfference has been judged to 
exceed the threshold.. 

3. A method for monitoring blood pressure compris- 
ing: 

measuring blood pressure using a cuff; 
detecting a time interval detection reference 
point on a pulse wave at an aorta of a txxJy; 
detecting a pulse wave at peripheral blood ves- 
sels appearing with a time delay with respect to 
the pulse wave at the aorta; 
counting a pulse wave propagation time based 
on detected outputs from the time interval 
detection reference point and the pulse wave; 
judging whether or not a blood pressure value 
is an abnormal value based on a fluctuating 
condition observed on the blood pressure 
value and a fluctuating condition observed on a 
pulse wave propagation time counted at the 
time the blood pressure value has been meas- 
ured; and 

measuring blood pressure again by controlling 
the t^lood pressure nneasurtng means when the 
blood pressure value has been judged to be an 
abnormal value. 

4. A method fa monitoring blood pressure compris- 
ing: 

measuring blood pressure using a cuff; 
storing a threshold serving as a reference for 
blood pressure re-measurement using the cuff, 
the threshold being inputted from an external 
source; 

detecting a time interval detection reference 
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point on a pulse wave at an aorta of a body: 
detecting a pulse wave at perrpherai blood ves- 
sels appearing with a time delay with respect to 
the pulse wave at the aorta; 
counting a pulse wave propagation time based s 
on detected outputs from the time interval 
detection reference point and the pulse wave; 
calculating a blood pressure value based on a 
pulse wave propagation time at the time the 
blood pressure mea^rement has been made; io 
and 

judging whether or not an absolute value of a 
difference between a t>lood pressure value and 
a blood pressure value calculated at the time 
the blood pressure value has been measured is 
exceeds the threshold stored in the threshold 
storage means; and 

measuring blood pressure again when the 
absolute value of the difference has been 
judged to exceed the threshold. 20 
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(54) Blood pressure monitoring apparatus 

(57) During a noninvasive blood pressure measure- 
ment using a cuff 2, a pulse wave propagation time T1 
from the appearance of the peak value of an R wave in 
an electrocardiogram (EGG) waveform to the appear- 
ance of the bottom value of a pulse wave is counted, 
and a blood pressure value BP1 is calculated from a 
count result T1 and parameters a. p specific to a subject 
obtained during a pulse wave propagation time caltora- 
tion. Then, the absolute value of a difference between 
the blood pressure value BP1 and a blood pressure 



value NIBP1 obtained by the noninvasive blood pres- 
sure measurement using the cuff 2 is calculated, and it 
is indeed whether or not the calculated absolute value is 
within a predetermined threshold_BP. If the absolute 
value is judged to exceed the threshold_BP, then blood 
pressure is measured again noninvasively using the cuff 
2. and a blood pressure value NIBPV obtained from 
such repeated measurement Is displayed on a display 
22. 
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